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T A B L E  I I  

-~176 d ~o ~o I n _ , o  Technical  % total  
P roduc t  �9 [ n n r I~ I I.X r. Sap X" poises m.p.* p roduc t  

React ion p roduc t  % ........................................ 1.4782 0.9223 0.3070 165 203 0.99 ...... 
Solid f ract ion ................................................... :1.4720 0 .9147"*  0.3061 91 212 ...... 27.0 "'28 
Liquid fract ion ................................................ I l .  t808 0.9255 n.3074 182 2o0 "J .Off ...... 72 

�9 Compare C. v. Vlodrop, Thesis Delft  1938, p. 109. ** Calculated from lhe d :  ~ of the reaction p roduc t  and the l iqu id  fract ion,  u s i n g  the 
rat ios  of the amounts  of solid and liquid f raet iens .  

at  the same time the specific refraction sharp ly  de- 
creases. The acid values show that  some saponification 
takes place, notably  in tile experiments  at tempera-  
turcs higher than  150~ 

Summary 
A Norwegian cod liver oil upon t rea tmeut  with 

sulphur  dioxide under  pressure shows eis-trans isonl- 
erization, conjugation (act ivat ion) ,  and polynleriza- 
tion dependent  on the reaction temperature .  Af te r  
a cis-trans isomerization the reaction product  can be 
separated into a higher melt ing pa r t  with a decreased 

to(tint value and a liquid pa r t  with an increased de- 
gree of unsaturat ion.  
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The Effect of Baking Powder Residues on Rancidity 
BETTY M. WATTS, BARBARA LEHMANN, and FRANCES GOODRICH, 
College of Home Economics, Syracuse University, Syracuse, N. Y. 

R E S E A R C I [  on the control of oxidative deteriora- 
tion in the fa t  of bakery  products  has been re- 
viewed by  Triebold (13) and later  by  Lundberg  

(7).  Several of the best known p r i m a ry  antioxidants,  
which are very effective in stal)ilizing edible oils and 
shortenings, do not protect  tile baked products  made 
f rom these fats, either because the ant ioxidants  are 
destroyed dur ing the baking or because they become 
r e l a t i v e l y  nlore soluble in the aqueous than in the 
fa t  phase at the high p l I  of many  baked products  
(8). This is t rue  of the na tura l ly  occurring toco- 
pherols and of propyl  gallate. On the other hand, 
the ant ioxidant  ac | iv i ty  of nordihydroguaiare t ic  acid 
(NDGA) ,  gum guaiac, and higher f a t ty  acid esters of 
gallic acid ( l l )  have been reported to car ry  over at 
least to some extent in baked products.  

A mmlber  of eompounds are known wllich enhance 
the effectiveness of p r imary  ant ioxidants  in fats. Va- 
rious di- and polybasic inorganic and orgauie acids 
are the best known of such synergists, bu t  many  other 
eomponnds may  show synergistic aet ivi ty if coupled 
with a suitabh; p r i m a r y  inhibi tor  (10). Pract ical ly  no 
work has been reported on the effectiveness of these 
synergists in baked products.  In  fact, very little in- 
format ion is at present  a v a i l a b l e  concerning their  
act ivi ty in any  complex food containing an aqueous 
phase. 

In  the course of an investigation of frozen ba t te r  
and dough products  off odors and flavors were noted 
a f t e r  vary ing  periods of freezing storage whieh seenled 
to be associated with the type of baking powder em- 
ployed. No tests were run  at the time to determine 
whether the off odors were caused by  oxidative dete- 
rioration of the fat. t Iowever  since baking powders 
contain ingredients which are kno~'vn to exert an anti- 
oxidant effect on d ry  fats  containing p r i m a r y  inhibi- 
tots, it seenled worthwhile to investigate their  effect 
on rancidi ty  in a system more characterist ic of baked 

products,  i.e., where the fa t  is in contact with aqueous 
solutions usually having an alkaline reaction. 

Commercial ly available baking powders belong to 
one of the following types, depending upon the nature  
of the acid ingredient  (1) : 

1. Ta r t r a t e  (cream of t a r t a r  and tar tar ic  acid).  
2. ( 'alciunl acid phosphate.  
3. ( 'onlbination (sodium aluminum sulfate and cal- 

eimn acid phosphate) .  
4. Sodium aeid pyrophosphate .  

The residues f rom the heated powders consist of the 
salts of these acids. 

K a u f m a n  (4) mentions a catalytic effect of baking 
powders containing sodimn alumimma sulfate on ran- 
eidity in products  like p repared  flour mixes. There 
is considerable evidenee that  a luminmn itself has no 
effect on rancid i ty  (2). Sulfuric,  tar tar ic ,  and  phos- 
phoric acids all act as synergistic antioxidants,  bu t  
there seems to be no published informat ion of the 
effect of their  anions on rancidi ty  in alkaline solu- 
tions. The effectiveness of pyrophosphates  in neut ra l  
as well as acid solutions was pointed out by  Lea (6).  

Experiments on Artificial Aqueous Fat Systems 
Method. Rate of rancidification was followed in sev- 

eral experiments  in which heated solutions of the four  
e o m m e r e i a l  types  of baking powders were brought  
in contact with several different fats. Four  grams of 
each powder were added to 100 ml. of water  (a con- 
eentrat ion within the range normal ly  used in baking) .  
Since it was desired to investigate the end products  of 
baking powder reactions, the solutions were heated in 
a boiling water  ba th  for a period of 20 minutes. 

The p l I  of each solution was nleasured with a glass 
electrode. The p I I  for  the same baking powder solu- 
tion tended to increase with i n c r e a s e d  heating and 
with tinle elapsing af ter  heating. The values recorded 
were those obtained at the b e g i n n i n g  of an expert- 
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ment ;  i t  is probable  tha t  a fu r the r  shift  took place 
dur ing the course of the experiment.  

The method used for  obtaining contact between the 
fa t  and the aqueous solutions has been discussed in 
detail elsewhere (12). A 9-cm. filter paper  (S & S 
No. 589, Black Ribbon)  placed in a Petr i  dish ab- 
sorbed 1.7 ml. of the heated baking powder solution 
to be tested. Melted fa t  (1.5 grams)  containing .01% 
added carotene was weighed into a second filter paper  
and allowed to spread over the entire paper.  This 
pape r  was then placed on top of the first. (Cut t ing 
the top paper  slightly smaller than  the bottom one 
el iminated any danger  of lack of contact with the syn- 
ergist at over lapping edges.) The fa t  penetra ted  rap- 
idly throughout  both papers,  giving an even yellow 
color. A few drops of ethylene chloride were added to 
each dish as a preservative.  The dishes were covered 
and placed on a rack in a t ight ly  covered container 
with water  in the bottom. Under  these c o n d i t i o n s  
moisture loss f rom the dishes was negligible if the ex- 
per iments  were te rminated  within a few days. How- 
ever in the more stable combinations requir ing a week 
or more to become rancid the dishes were completely 
sealed with paraffin to prevent  evaporat ion of water  
and preservative.  The experiments  were conducted in 
an air  oven at 40 ~ or 50~ 

T A B L E  I 

E f f e c t  of  : H e a t e d  B a k i n g  P o w d e r  S o l u t i o n s  on  R a n c i d i t y  in  L a r d  

. . . .  L a r d  S a m p l e  1 L a r d  S a m p l e  2 ~ 

T y p e  a n d  b r a n d  of  
b a k i n g  p o w d e r  

p i t  

W a t e r  t o n i !  ol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 .8  
C o m b i n a t i o n  ( C a l u m e t )  . . . . . . . . . . . . . . . . . .  8.:~ 
C o m b i n a t i o n  ( K C )  . . . . . . . . . . . . . . . . . . . . . . . . . .  8.1 
( ' o m b i n a t i o n  ( I ) a v i s )  . . . . . . . . . . . . . . . . . . . . . .  7 .6  
T a r t r a t e  ( R o y a l )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 .5  
M o n o c a l c i u m  p h o s p h a t e  

( R u m f o r d )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7..3 
P y r o l ) h ( , s g h a t e  ( F l e i s c h m a n s )  . . . . . . . .  : 8 .0  

IIours 
t o  t u r n  
rancid 
40~ 

1 2 4  
7 6  
9O 

1 1 0  
7 6  

1 7 2  
3 1 5  

:Hours 
to t u r n  

pU r a n c i d  
4 0 ~  

5 .8  4 3  
7 .8  1 2  

7 .2  2 6  
7 .8  3 6 0  

Bleaching of the carotene served as a visible indi- 
cation of the ear ly stages of rancidity.  The fa t  was 
extracted with carbon tetrachloride and peroxide de- 
terminat ions made at intervals a f te r  bleaching had 
progressed but  before it was complete. Peroxide val- 
ues were expressed as millimoles peroxide per  ],000 
grams of fat. A peroxide value of 20 was accepted 
as the end of the induction period or beginning of 
rancidi ty.  

Effect of Baking Powder Residues on Rancidity in 
Lard. Table I shows the effect of heated solutions of 
a number  of commercial baking powders on rancidi ty  
in two samples of lard. In  the less stable lard  (Sam- 
ple 2) all baking powders with the exception of the 
pyropbosphate  accelerated rancidi ty  as compared to 
the water  control. In  the more stable Sample 1 the 
monocalcium phosphate also gave some protection as 
compared to the water  control. The pyrophosphatc  
in both  cases had an ant ioxidant  effect f a r  superior  to 
that  of any  other powder. 

The accelerating effect of the combination and tar-  
t ra te  powders is p robab ly  due to the high p I I  ra ther  
than  to any  specific prooxidant  effect of the ingredi- 
ents. B o r a t e  buffers within the p H  range of these 
samples a c c e l e r a t e d  rancidi ty  in plain lard to ap- 
proximate ly  the same extent  as these baking powder 
solutions. 

Effect of Copper. Lea has suggested that  part ,  at  
least, of the ant ioxidant  act ivi ty of pyrophosphates  

might  be due to their abil i ty to bind traces of cop- 
per  and other metals. In  order  to determine whether 
the extreme differences noted between the combina- 
tion and pyrophosphate  powders might  be due to the 
greater  effectiveness of the pyrophosphate  as a metal 
scavenger, 1 pa r t  per million of COl)per in the form of 
copper sulfate was added to solutions of each of the 
baking powders before heating and the effect of the 
copper solutions on rancidi ty  in lard compared with 
controls containing 11o (topper. The results (Table I I )  

T A B L E  i i  

C o p p e r  B i n d i n g  E f f e c t  on B a k i n g  P o w d e r  R e s i d u e s  

. . . . . . .  1 [ o u r s  to 
S,~lut ion t e s t ed  t u r n  r a n c i d  

4 0 ~  

I i o r a t e  b u f f e r ,  p I I  7 .8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0  
B u f f e r - { -  1 p . p . m .  Cu  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 
C o m b i n a t i o n  ( C a l u m e t )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 8  
C a l u m e t  -~- 1 p . p . m .  C~l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26  
P y r o p h o s p h a t e  ( F l e i s c h m a n s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  195  
F l e i s c h m a n s  4- I p . p . m .  Cn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12(I 

show the combination powder to have a greater  cop- 
per  binding effect than the pyrophosphatc .  While both 
powders reduce the catalytic effect of small amounts 
of copper, the greater  protection obtained with py- 
rophosphate as compared to combination powders is 
apparen t ly  due to the greater  act ivi ty of the pyro- 
phosphate as a synergistic ant ioxidant  ra ther  than to 
greater  copper  binding ability. 

Lard With Added Phenolic Antioxidants. Results 
of a typical  experiment  comparing the effects of a 
combination and pyrophosphate  powder on rancidity 
in lard containing added phenolic antioxidants  arc 
shown in Table I I I .  This sample of lard was some- 

. . . . . .  
T A B L E  1 I [  

Effect .  of  B a k i n g  P o w d e r  S o l u t i o n s  on  L a r d  W i t h  
A d d e d  A n t i o x i d a n t s  

! ] H o u r s  to t u r n  r a n c i d  

' L a r d  _1-- - 7 - - -  
S o l u t i o n  t e s t ed  I p i t  , P l a i n  . o 0 5 %  L a r d - { -  

! _ _  l a r d  toco-  . 0 0 5 %  
i p h e r e l  N D O A  
I__ 

\ V a t o r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] 5 .8  1 0 0  2 2 0  3 0 0  
B o r a t o b u f f e r .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 8 .2  63  1 5 0  2 0 0  
Combina '~ ion  ( C a  u m c t )  ... 8.1 1 2 0  251~ 1 8 0  
P y r o p h o s p h a t e  ( F l e i s c h m a n s )  . . . . )  7 .~  _ _30_0 75()  4 5 0  . 

what more stable than those p r e v i o u s l y  used; the 
tempera ture  of the oven was increased to 50~ to 
cut down on time required for  rancidity.  Nordihy- 
droguaiaret ic  acid ( N I ) G A )  ~ at a concentration of 
.005% was compared with alpha tocopherol at the 
same concentration and also with the same sample 
of lard containing only the small amount  of toco- 
pherol na tu ra l ly  present. While NI )GA was a more 
effective stabilizer than the tocopherol in the control 
samples containing only water  or buffer, in the pres- 
ence of either of the baking powders added tocopherol 
was bet ter  than  NI)GA. Apparen t ly  these synergists 
are much more effective with alpha tocopherol than 
with NI)GA. In  fact, the protection obtained with 
the pyrophosphate  and N I ) G A  might  be accounted 
for  by  the effect of the pyrophosphate  on the toeo- 
pherol na tu ra l ly  present  in the lard. On the other 
hand, marked  synergisms between N D G A  and phos- 
phoric and citric acids in d ry  fats  seem to be well 
established (5, 7, 9). 

In  these experiments  even the combination powder 
had a slight re tard ing  effect on rancidi ty  with plain 

I O b t a i n e d  t h r o u g h  t h e  c o u r t e s y  of  N o r d i g a r d  Cor p . ,  C h i c a g o ,  n l .  
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la rd  as well as with lard  plus added toeopherol. One 
exper iment  was per formed with a hydrogenated  vege- 
table oil which should contain na tura l ly  a much larger  
amount  of tocopherol than that  added to the lard. The 
experiment  was fau l ty  in that  Pet r i  dishes were un- 
sealed and lost much moisture. Also the fa t  was not 
completely melted at the oven t empera tu re  of 40~ 
I t  was terminated at the end of 68 days, at which 
time only the water  control was rancid with a per- 
oxide number  of 88. The peroxide values of the fa t  
in contact with the baking powder solutions were as 
follows: combinat ion--27,  t a r t r a t e - -18 ,  calcium acid 
phospha te - -15 ,  and pyroI)hosphate---8.  I t  is evident 
tha t  all types of baking p o w d e r s  have ant ioxidant  
act ivi ty in the presence of fa ts  containing sufficient 
tocopherol. H o w e v e r  the order of effectiveness re- 
mains the same, being least for  a combination and 
greatest  for  a pyrophosphate  powder. The observa- 
tion that  addit ional fa t  prevented  rancidi ty  in pre- 
pa red  flour mixes containing c o m b i n a t i o n  powders 
(4) is p robab ly  related to the synergist ic action of 
the baking powder and possibly of other ingredients 
of the mix with the added toeopherol. F u r t h e r  work 
on baking powders with fats  containing gum guaiac, 
l aury l  gallate, other forms of tocopherol, etc., wouhl 
be of interest in view of the differences obtained with 
NDGA and alpha tocopheroI. 

] ~ x p e r i m e n t s  on  B i s c u i t s  a n d  Muffins 

Method. Formulae  used were as follows: 

B I S C U I T S  ~ I U F F I N S  

i n g r e d i e n t s  : i n g r e d i e n t s  

F l o u r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 4 4  g .  ~ ' l o u r  . . . . . . . . . . . . . . . . . .  2 7 5  g .  
~ 'a t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 0  g,  F a t .  . . . . . . . . . . . . . . . . . . . .  3 6  g.  
B a k i n g  p o w d e r  . . . . . . . . . . . . . . . .  S g. B a k i n g  p o w d e r .  1 7  g.  
S a l t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 g. S a l t  . . . . . . . . . . . . . . . . . . . .  9 g.  
M i l k  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8 8 m l .  S u g a r .  . . . . . . . . . . . . . . . .  1 8 g .  

E g g  . . . . . . . . . . . . . . . . . . . .  9 6  g.  
W a t e r  . . . . . . . . . . . . . . . .  3 5 4  m l .  

Details of the mixing and baking procedures were 
standardized as fa r  as possible. The p l I  of the baked 
products  was determined by  macera t ing  one pa r t  with 
five par ts  of distilled water.  The p H  values were sta- 
ble and showed no shift  with t ime or fu r the r  dilution. 
Because of the difficulty of prevent ing  bacter ial  ac- 
t ion dur ing observation of oxidative changes in moist 
baked products  not preserved by  freezing, the accel- 
erated tests were per formed on dried crumbs.  The 
biscuits and muffins were split  and dried overnight  
at 50~ They were then p u l v e r i z e d ,  the crumbs 
thoroughly mixed, and weighed out into Petr i  dishes 
in 10- or 20-g. portions. At  appropr ia te  intervals  por- 
tions of the crumbs were extracted with carbon tet- 
rachloride and  peroxide determinat ions made on the 
filtered extract.  

Some of the biscuits and nmfflns f rom each batch 
were packaged in cellophane containers and frozen at 
- -17~ for  periods ranging f rom 60 to 90 days. At  
the end of the storage period they were thawed at 
room tempera tu re  and judged for  odor and flavor 
by  an adapta t ion  of the paired eating method (3), 
i.e., products  made with the same sample of fa t  bu t  
with two types of baking powder were compared, and 
the judges were asked to indicate the mlmber  of each 
pa i r  having the bet ter  odor and flavor and the degree 
of difference between them by  1 to 4 plus marks. 
Peroxide numbers  were also run  on the extracted fa t  
f rom each product  at the end of the storage period. 

Results. The results on accelerated ranc id i ty  tests 

(Table  I V )  demonstrate  tha t  b i s c u i t s  and  muffins 
made f rom the pyrophosphate  powder were more re- 
sistant to rancid i ty  than those f rom the combination 
powder. I t  is not of course possible with baked prod- 
ucts to have a control containing no baking  powder, 
but  the two selected represent  the commercial  pow- 
ders showing in the tests on artificial systems the least 
(combinat ion)  and  the greatest  (pyrophospha te )  anti- 
oxidant  effect. I t  is evident that  the protect ive effect 
of the pyrophospha te  is not confined to artificial sys- 
tems, bu t  carr ies  over in baking. 

P r o d u c t  

T A B L E  1V 
E f f e c t  of  B a k i n g  P o w d e r  on  D e v e l o p m e n t  of  B, a n c i d i t y  in  

B i s c u i t  a n d  Muf f i n  C r u m b s  

B a k i n g  p o w d e r  

B i s c u i t s  . C o m b i n a t i o n  
P y r o p h o s p h a t e  

M u f f i n s  C o m b i n a t i o n  
l ) y r o p h o s p h a t ~  

F a t  s a m p l o  
. . . . . . . . . . . . . . . . . . . . . . .  

I L a r d - [  . 0 0 5 %  
L a  .d  I N D G A  

p f l  D a y s  D a y s  
to t u r n  p l I  1o ~urn  
r a n c i d  r a n c i d  

6 .~  1 4  6 . 8  17 
7 .1  38  7 . 1  2 8  

7 ") 1 8  7 , 2  2 8  
7:~ 74 7.~ ~7 

The higher p H  of biscuits and muffins made with 
the pyrophospha te  powder introduces a complicat ing 
factor  which has not been adequately  explored. In  
artificial systems an increase in p H  results in more 
rapid  rancidification, but  there seem to be no pub- 
lished observations on effect of p H  on rancid i ty  in 
baked products.  I t  is possible tha t  a higher p l i  would 
promote the format ion  of reductones or other carbo- 
hydra te  decomposition products  which might  have an 
ant ioxidant  effect. 

The la rd  to which N1)GA was added (Table  I V )  
was the same sample used for  the plain la rd  experi- 
ments, bu t  the products  made with la rd  plus N1)GA 
were made on a different day, with different batches 
of milk and eggs, thus the protect ive effect of the 
NDGA cannot be fa i r ly  appraised f rom these tests. 

Biscuits and muffins made with hydrogenated  vege- 
table oil (a very  stable commercial  shortening having 
a high melt ing point)  were not rancid when the ac- 
celerated tests were terminated.  Those made with the 
combinat ion powder had the higher peroxide numbers ,  
bu t  the differences were not great. Muffins af ter  84 
days of storage had peroxide numbers  of 7 and 0 for  
combination and pyrophosphate  powders respectively. 
Biscuits a f t e r  112 days of storage showed peroxide 
numbers  of 17 and 11 for  combination and pyrophos-  
phate  powders  respectively. 

Several  experiments,  in which lard  biscuits made 
f rom the four  different types of baking  powders were 
p repa red  as describcd above but  stored in a luminum 
moisture dishes ra ther  than  pyrex  Pet r i  dishes for  
the accelerated rancid i ty  tests, showed a much fas ter  
rate  of rancidification and less protect ive effect of the 
pyrophosphate .  Fo r  example, in one such experiment,  
biscuits made with a combination powder  tu rned  ran- 
cid in 97 hours, t a r t r a t e  115, monocalcium phosphate 
135, and  pyrophosphate  145 hours. I t  was later  dis- 
covered tha t  the a luminum moisture dishes (p robably  
an alloy of ah lminum and copper)  catalyzed oxida- 
tion of the fa t  as shown by  the rap id  appearance  of 
a bleached r ing at  the area of contact when filter 
papers  containing fa t  plus carotene were placed on 
the dishes. Pure  a luminum foil had no such acceler- 
a t ing effect. 
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Of the frozen products  those made with lard and 
combination powder had slight peroxide values (4 to 
6) a f t e r  the storage period whereas all others had no 
more than a traee. IIowever,  all eight judges ra ted 
la rd  and lard plus N D G A  biscuits made with pyre-  
phosphate  p o w d e r  bet ter  in odor than those made 
with combination powder, the difference between them 
being distinct (average 2 plus marks) .  The off odor 
in those made with the combination powder was de- 
scribed as " s h a r p "  or " s t r o n g "  ra ther  than rancid 
and  seemed qual i tat ively different f rom the dist inctly 
rancid odor which developed dur ing accelerated tests 
on the biscuit  crumbs, i t  is possible that  oxidation of 
some other consti tuent  of the dough takes place dur- 
ing the early stages of fa t  peroxidat ion or tha t  the 
decomposition of the peroxidized fa t  follows a dif- 
fe ren t  course in the moist frozen product.  The odor 
scores on hydrogenated  fa t  biscuits showed no signifi- 
cant difference for  those made with combination ver- 
sus pyrophosphatc  powder. With nmflins all judges 
p re fe r red  the odor of the pyrophosphate  products,  
whether  the fa t  used was la rd  or hydrogenated  veg- 
etable oil. 

F l a v o r  scores, unlike the odor, were not signifi- 
cant ly  different for  pyrophosphate  p o w d e r  versus 
combination powder products,  i t  is probable tha t  
the "excess  soda"  taste associated with the greater  
alkal ini ty of products  made with the pyrophosphate  
powder  caused some of the judges to rate  them down 
in flavor. 

Summary and Conclusions. The effect on rancid- 
i ty of heated residues of the four  commercial types 
of baking  powder was measured in artificial aqueous 
fa t  systems. The powders inhibitc.d rancidi ty  in such 
systems in the f o l l o w i n g  order :  comlfination, tar-  
trate,  monocalcium phosphate,  and py rophos pha t e - -  
the combination being least effective and the pyre-  

phosphate very  nluch more effective than  any other 
type. 

The ant ioxidant  effect of the pyrophosphate  pow- 
der was shown to be due pr imar i ly  to a synergism 
with tocopherol ra ther  than  to special abil i ty of the 
pyrophosphate  to bind traces of copper. The syner- 
gism was inuch more marked  with tocopherol than 
with NDGA. 

In  aecelerated tests on the dried crumbs,  biscuits 
and muffins baked with a pyrophosphate  powder had 
much grea ter  resistance to rancidi ty  than  those made 
with a combination powder. When frozen, products  
made with tim t 'ombination powder d e v e l o p e d  off 
odors more rapidly  than those made with a pyre-  
phosphate powder. 
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Comparative Study of the Oxidation and Polymerization of 
Linseed Oil by Application of Some Recently Developed 
Physical Techniques 
G. A. O'HARE, P. S. HESS, A. F. KOPACKI, Congoleum-Nairn, Inc., Kearny, New Jersey 

R E S E A R C I I  and control of p lan t  processing in 
the dry ing  oil field have been in the past  ve ry  
much dependent  on chemical analytical evalua 

tion. Although the value of such work eamiot be 
uIIderestimated,  there have been instances where the 
results of such analyses have not heen reproducible 
nor  applicable to a par t i cu la r  oil system. In  recent 
years  physical methods have found  more and more 
appl icat ion because of the accuracy and reproduci-  
bi l i ty of results as well as the simplici ty of operat ing 
the various commercial ly available instruments.  

I t  is the purpose of this pape r  to present  three 
physical  test mc, thods which have been used in our 
laboratories  for  the s tudy of polyulerized and oxi- 
dized oils and which have found diverse applicat ion 

* Presented at the American Oil Chemists' Society Meeting, New York 
City, November 16, 1948. 

as research and plant  pl'oeessing control tools. These 
measurements  are : 

]. Molecular Weight. 
2. DMectr ic  Constant. 
3. Power Factor.  

For  tile demonstrat ion and i n v e s t i g a t i o n  of these 
lnethods this s tudy has been confined to experimental  
procedures per formed with linseed oil al though in the 
course of this and pr ior  work a considerable amount  
of data  was obtained for  other vegetable and marine 
oils. Specifically, raw linseed oil was thermal ly  poly- 
nlerized and m e c h a n i c a l l y  oxidized; samples were 
wi thdrawn f rom each batch at various intervals for  
analysis. The raw linseed oil used in these prepara-  
tions had the following constants:  


